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Abstract:
Knowledge reuse is of increasing importance for organizations. Despite the extant research, we still do not
adequately understand the ways peers are motivated to reuse knowledge with the help of wiki
technologies. In this paper, we study the motivation for knowledge reuse in a prominent instance of online
social production: Wikipedia. Studying knowledge reuse in Wikipedia is important since Wikipedia has
been able to leverage the benefits of efficient knowledge reuse to produce knowledge goods of relatively
high quality. Specifically, we explore: 1) how Wikipedia editors (any peer who contributes to developing
articles in Wikipedia) communicate their feedback toward each other’s work in peer conversations and 2)
to what extent sentiment-driven feedback impacts the level of knowledge reuse in Wikipedia. The results
show that displaying sentiment-driven feedback positively influenced the level of knowledge reuse. Our
study further shows a significant difference in the level of knowledge reuse between editors who shared
mainly positive or mainly negative sentiments. Specifically, displaying mainly positive feedback
corresponded to a superior level of knowledge reuse than displaying mainly negative feedback. We
contribute to the extant literature of online social production communities in general and Wikipedia in
particular by providing a first building block for research on peer feedback’s role in developing and
sustaining wiki-based knowledge reuse. We discuss our findings’ implications for theory and practice.
Keywords: Knowledge Reuse, Sentiment-driven Feedback, Affective Communication
Information Systems Research, Online Social Production, Online Collaboration.
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The Impact of Sentiment-Driven Feedback On Knowledge Reuse In Online Communities

Introduction

Knowledge represents an essential resource for organizations in today’s economic environment.
Successful organizations build or have built dynamic capabilities to create, acquire, share, use, and reuse
knowledge (Alavi & Leidner, 2001; Argote, McEvily, & Reagans, 2003; Argote & Miron-Spektor, 2011;
Khodakarami & Chan, 2014). Being localized, embedded, and invested in practice, knowledge represents
a critical asset that may prevent organizations from spending time and resources on redeveloping already
existing solutions (Carlile, 2002). Researchers have shown that, by leveraging knowledge that already
exists, knowledge reuse can enhance efficient and effective problem solving in organizations (Gray,
2001). However, there is infrequent or even lack of knowledge reuse (Liu, Chai, & Nebus, 2013; Rozwell,
2009).
The rise of Internet technologies has facilitated increased access to peers, resources, information, and
knowledge even outside the boundaries of traditional organizations. In this sense, new forms of organizing
(such as online social production) have emerged and opened substantial opportunities to research
knowledge processes at unprecedented scales (Puranam, Alexy, & Reitzig, 2013). Online social
production has become an increasingly viable and popular way to create knowledge goods that are often
of relatively high quality (Faraj, Jarvenpaa, & Majchrzak, 2011; Giles, 2005; von Hippel & von Krogh,
2003). Although information technologies have been subject to extensive research for their role in
facilitating the reuse of knowledge among peers who hold knowledge (Nonaka & Takeuchi, 1995), we still
lack empirical research on knowledge reuse in online social production. Indeed, whereas knowledge
reuse in traditional organizations has been relatively well researched (e.g., see Majchrzak, Wagner, &
Yates, 2013b; Markus, 2001), knowledge reuse in online communities continues to be under-researched
(Haefliger, von Krogh, & Spaeth, 2008; von Krogh, Haefliger, Spaeth, & Wallin, 2012).
Wikipedia, a prominent example of an online social production community, has become one of the world’s
most popular sources of knowledge with more than four million articles. Researchers have repeatedly
found Wikipedia entries’ quality to be on par with traditionally organized processes carried out by
professional editors over several years, such as the Encyclopedia Britannica (Giles, 2005; Tapscott &
Williams, 2006). Given the importance of technology-fostered knowledge reuse, there are three specific
reasons for considering Wikipedia as a resource for examining a success story of wiki-enabled knowledge
reuse. First, the underlying wiki technology records the full editing and interaction activity for each article;
thus, Wikipedia enables its users to integrate others’ knowledge for efficient knowledge reuse (Grant,
1996). Second, Wikipedia’s articles can only be edited using the Wikipedia platform, which allows
researchers to have a complete editing and social interaction history of each article. Third, any Internet
user can contribute knowledge to the articles, which allows researchers to examine group interactions in
an uncontrolled setting.
The extant literature on motivation to contribute to online social production has established that peers
follow diverse motivational drives (e.g., the pleasure involved in completing a task) and social signals
(e.g., community belonging and social recognition) (Benkler, 2006; Puranam et al., 2013). Moreover,
previous research on factors that motivate one’s contributing knowledge in communities of practice has
focused mostly on factors explaining why peers contribute their personal knowledge (Carlile, 2004; Carlile
& Rebentisch, 2003) and little on why peers reuse the knowledge contributed by others in online social
production communities (Yates, Wagner, & Majchrzak, 2010). Through a field survey on customer service,
researchers have found evidence that intrinsic motivation positively influences knowledge reuse with the
help of electronic repositories (Kankanhalli et al., 2011). A recent study in the context of organizational
Intranets supported by wikis shows that knowledge shaping promotes knowledge reuse through improved
integration of knowledge (Majchrzak et al., 2013b). In this paper, we explain the motivational factors that
lead to the success story of knowledge reuse in Wikipedia. Specifically, we address the following research
question: “How and why do wiki contributors reuse knowledge?”.
To answer this question, we conducted a longitudinal analysis of peers’ editing and interaction activity in
Wikipedia. We build on the findings of Markus (2001) on knowledge reuse. Specifically, one of the aspects
that Markus (2001) stresses is that successful knowledge reuse is in part a matter of how to provide
incentives for contributions. In this study, we refer to Wikipedia editors as any individual who contributes to
the development of Wikipedia articles, and we regard knowledge reuse among Wikipedia editors as an
aspect of collaboration that is influenced by specific communication practices. We examine the way
Wikipedia editors communicate their feedback towards others’ work and explore to what extent this
communication acts as an incentive to reuse knowledge. In particular, using knowledge reuse as a proxy
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for collaboration, we investigate whether affective communication (Te’eni, 2001; Zhang, 2013) in form of
sentiment-driven feedback in discussions between Wikipedia editors motivates collaborative work. In
doing so, we contribute to the extant literature on knowledge reuse (Majchrzak et al., 2013b; Markus,
2001) by providing the first building block for research on the role of peer feedback on developing and
sustaining wiki-based knowledge reuse.
This paper proceeds as follows. In Section 2, we discuss the related work and the conceptual background
of our research. In Section 3, we present our research model and methodology. The dataset used in this
study comprises a complete revision history dump of Simple English Wikipedia1. In Section 4, we employ
methods from sentiment analysis, compute Wikipedia-specific metrics, and use regression analysis to
produce and analyze our data. Subsequently, in Section 5, we conclude the paper with an outlook for
further research.

2
2.1

Related Work and Theory Development
Theoretical Findings on Motivations for Knowledge Reuse and the Role of Peer
Feedback

Previous studies have systematically reported that traditional organizational repositories are not suitable
to efficiently and effectively leverage the knowledge in organizations (Rafaeli & Ariel, 2008; Yates et al.,
2010). In a recent attempt to explain knowledge reuse in communities of practice, Majchrzak et al. (2013b)
focused on the unique affordance of wiki technologies to foster online knowledge integration for
knowledge reuse. Contributing knowledge to a wiki may involve not only contributing the knowledge of
one’s domain expertise but also integrating knowledge already contributed to the wiki in order to make it
more logically organized. In a wiki-based knowledge-sharing context, one can often visually observe and
track knowledge reuse (Chi et al., 2008; Grudin & Poole, 2010).
Besides the recent interest in wiki technologies for supporting communities of practice in traditional
organizations, researchers have intensely investigated wikis as a cornerstone of online social production
communities. Online social production communities (also referred to as commons-based peer production)
have two defining characteristics: 1) they are based on the online collaboration of volunteers who carry
out productive activities primarily for social and psychological purposes rather than for financial
remuneration (Benkler, 2006; Shirky, 2010) and 2) the online production apparently happens in the
absence of governance mechanisms based on price mechanisms or hierarchical, managerial structures
(Aaltonen & Lanzara, 2011; Benkler, 2006). The first characteristic has motivated a bulk of studies in
online social production communities to examine the participating individuals’ motivational drivers (e.g.,
Benkler, 2006; Ghosh, 2005; Hahn, Moon, & Zhang, 2008; Lerner & Tirole, 2002; Shah, 2006; Stewart &
Gosain, 2006; Weber, 2004). These motivational drivers range from altruism and enjoyment to solving
challenging problems, social recognition, and future employment benefit. The second characteristic of
online social production communities has motivated research on the governance mechanisms of such
communities (e.g., Feller, Finnegan, Hayes, & O’Reilly, 2008; Mehra, 2012; Singh, 2010). Such
communities are typically governed by self-organization (Crowston, Li, Wei, Eseryel, & Howison, 2007), a
rather slow and difficult process to ensure global coordination out of local interactions between people.
Self-organization is fostered by Internet technologies that keep a detailed trace of the community
members’ interactions while they are interacting in real time (Lanubile, Ebert, Prikladnicki, & Vizcaino,
2010). For example, the extant literature on online social production communities has examined Internet
technologies’ role in enabling peers to interact with each other (Burnett, 2000; Preece, 2001); usability and
sociability are factors that make online communities successful (Preece, 2001; Tarmizi & Vreede, 2005).
Based on these findings, Porra and Parks (2006) suggest that the sustainability of online social production
communities requires persistent people, continuous support by an online space, and flexibility for
alternative sub-communities to emerge. Ginsburg and Weisband (2002) conclude from their survey that
volunteerism is an important aspect for online social production communities’ success.
Following this line of reasoning, we examine what motivates individuals to collaborate in online social
production with an emphasis on knowledge reuse in Wikipedia. In this sense, in an attempt toward
establishing a theory of knowledge reuse, Markus (2001) stresses that successful knowledge reuse is in
part a matter of how to provide incentives for high-quality contributions. Indeed, researchers have found
1

http://simple.wikipedia.org
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intrinsic motivation to positively influence knowledge reuse through electronic repositories (Kankanhalli et
al., 2011). Feng et al. (2004) further emphasize the importance of developing supportive working
relationships online.
In online settings, the focus of attention changes from the relationship between peers and the technology
to the relationship between peers and the community; peers who never physically meet or know each
other get to communicate and work collectively. Researchers have found empathy to be essential in
encouraging peers to work together online (Leimeister, Sidiras, & Krcmar, 2006; Maloney-Krichmar &
Preece, 2005; Skopik, Truong, & Dustdar, 2009). In the case of online social production communities, the
apparent lack of formal authority may be compensated by individuals who mentor and encourage each
other towards contributing knowledge (Eseryel, 2009). That is, providing sentiment-driven feedback (or
affective feedback) may act as a powerful motivational factor towards superior work outcomes (Bateman
& Organ, 1983; Zhu, Zhang, He, Kraut, & Kittur, 2013). Further results from offline settings acknowledge
that strategically using feedback may increase recipients’ motivation to adhere to their goals (Fishbach,
Eyal, & Finkelstein, 2010). Concretely, researchers have recognized sentiment-driven feedback to
intrinsically motivate goal pursuit, which happens through the affective experience that sentiment-driven
feedback is able to produce (Fishbach et al., 2010). We elaborate on the concepts of sentiment-driven
feedback, affective communication, and affect in online settings and their usage in information systems in
the Section 2.2.

2.2

Sentiment-driven Feedback and its Motivating Role for Knowledge Reuse

Sentiment-driven feedback (or affective feedback) is a form of communication used to express affect such
as praise (e.g., “well written”) or criticism (e.g., “badly written”) (Nelson & Schunn, 2009). Affect—also
commonly referred to as sentiment, emotion, or mood—represents “general moods (happiness, sadness)
or specific emotions (fear, anger, envy)” as reaction to things one thinks about, to actions one takes, or to
various stimuli (Ajzen, 2001, p. 29; Barrett & Russell, 1999; VandenBos, 2006). Social psychologists and
IS researchers have paid increasing attention to affect (Scherer, Warnik, Sangsue, Tran, & Scherer, 2004;
Van der Heijden, 2004; Zhang, 2013). Recent research studies acknowledge affect’s increasing
importance on information systems usage and on online work behavior. In this context, researchers have
shown affect to be efficiently externalized through computer-mediated communication (Harris & Paradice,
2007). Researchers have further recognized the intensity of affect as a means for coping with
communication complexity to achieve communication goals; affect is a suitable means to motivate and to
inform (Te'eni, 2001). Stieglitz and Dang-Xuan (2013) investigate the relationship between affect and
information diffusion in microblogging websites and find that affective Twitter messages tend to be retweeted more often and more quickly compared to neutral ones. Moreover, Aggarwal, Gopal,
Sankaranarayanan, and Singh (2012) focus on affect in social media and study the effects of negative
posts from employee blogs. They reveal the potentially positive influence of negative posts in the sense
that negative posts may act as catalyst that can exponentially increase the awareness of employee blogs.
Although several theoretical studies provide a foundation for the concept of affect and indicate that affect
indeed impacts on information systems usage and on online work behavior, empirical evidence on the role
and influence of affect in online social production communities continues to be underdeveloped (Beaudry
& Pinsonneault, 2010; Zhang, 2013).
Transferring these insights to our study, we argue that intrinsic motivations for knowledge reuse may be at
least partially explained by the display of affect in inter-editor conversations. Indeed, the articulation of
affect both in spoken discourse and in written text (Te’eni, 2001)—that is, affective communication—has
the potential to act as awareness catalyst. Affective communication helps coordinating group activity by
fostering group bonds (Spoor & Kelly, 2004). Our reasoning is in line with Kankanhalli et al. (2011) who
found that intrinsic motivation positively influences knowledge reuse through electronic repositories. To
support this reasoning for online social production communities, we first consider prior research on
Wikipedia that has shown that an intensification in peer collaboration usually occurs after the initiation of
conversations among editors on talk pages (Crandall, Cosley, Huttenlocher, Kleinberg, & SIddharth,
2008). Moreover, researchers have found peer influence exerted across social ties among peers to be a
significant predictor of future collaborative behavior in Wikipedia (Crandall et al., 2008). Discussion pages
offer Wikipedia editors the means to communicate their achievements and constantly receive feedback on
the progress of their work (Reagle, 2010). Peers need to feel that their engagement is beneficial to the
organization or community (Haefliger, Monteiro, Foray, & von Krogh, 2011; Stahlbrost & BergvallKareborn, 2011). This perception of appreciation (i.e., affect) can be transmitted through affective
communication in form of sentiment-driven feedback on discussion pages in Wikipedia. We further argue
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that affective communication in form of sentiment-driven feedback in inter-editor discussions may act as
intrinsic motivator for knowledge reuse in Wikipedia.
In this study, we 1) analyze how Wikipedia editors communicate their feedback on others’ contribution on
discussion pages and 2) explore to what extent affective communication in form of sentiment-driven
feedback on discussion pages impacts the level of knowledge reuse in Wikipedia. In doing so, we
integrate the analysis of specific peer collaboration in editing Wikipedia articles with the analysis of the
intensity of affective communication between the particular Wikipedia editors. Accordingly, we hypothesize
that:
H1: The display of sentiment-driven feedback in inter-editors communication corresponds to
increased levels of knowledge reuse than in the case of neutral feedback.
The orientation and intensity of affective communication can range on a scale from being very positive to
very negative (Barrett & Russell, 1999). The distinction between positive and negative sentiments on the
one hand and neutral statements in conversations on the other hand could be useful for explaining
collective behavior because sentiments become externalized instances on the collective level (such as
“collective sentiment”) (Scherer et al., 2004). Depending on the sensitivity to attitudes and changes in
disposition voiced in affective communication (Te’eni, 2001), peers should be influenced differently by
positive or negative feedback. In this sense, making a habit of dispensing positive feedback rather than
negative feedback is more likely to motivate peers to perform with confidence and autonomy (Lickerman,
2012). However, negative feedback is needed when something is being done incorrectly to give peers the
opportunity to improve the result. Research has shown that, when possible, positive feedback should be
used in public whereas negative feedback is rather effective for correcting problems, behaviors, and
attitudes in private (Fishbach et al., 2010). Accordingly, we hypothesize that:
H2: Displaying positive feedback in inter-editors communication corresponds to greater levels
of knowledge reuse than displaying negative feedback.

3
3.1

Research Method
Data Set

Wikipedia relies on the open-source model (i.e., providing free products and services for peer review and
for the mutual benefit of the peer community) (Bezroukov, 1999). In the case of Wikipedia, the term “open”
refers to the fact that any Internet user who has access to the knowledge that other peers produce can
freely contribute with knowledge but, at the same time, cannot exert exclusive rights over the collective
innovation (Lakhani & Panetta, 2007). The open-source model enables individuals to constantly refine
article knowledge through collaboration, which many consider to be one of Wikipedia’s main added
values.
To help its community write and edit textual content collaboratively, Wikipedia uses a wiki technology. The
resulting article pages represent the main source of knowledge that regular Wikipedia readers use.
Anyone with Internet access can edit almost all Wikipedia articles. For any user to visualize the dynamics
of article changes, each article’s revision history chronologically tracks previous versions of articles by
time stamp, editor, actual text resulting from the edit, and editor comments. Besides article pages,
Wikipedia hosts free-form discussion pages called talk pages for each article. Concretely, editors use talk
pages to plan and discuss their work; that is, to support and coordinate their work, share and ask for
feedback, report vandalism, or refer to edit guidelines (Schneider, Passant, & Breslin, 2010).
In this sense, sentiment-driven feedback emerges from social interactions that occur in the context of
inter-personal relationships (Andersen & Guerrero, 1998). In Wikipedia, social interactions often happen
on discussion pages in the form of feedback to others’ work. We may classify feedback as either being
sentiment driven (positive or negative) or neutral. Table 1 presents examples of sentiment-driven
feedback (both positive and negative) and neutral feedback expressed by editors on Wikipedia’s
“Talk:NASA”, “Talk:Water_on_Mars”, and “Talk:Jupiter” entries.
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Table 1. Examples of Positive, Negative, and Neutral Feedback on Article Talk Pages in Wikipedia
Type of feedback

Positive

Example
Many Modules ! Brilliant ! Precise ! Do you know, looking at the
changes log, I think the guardians of this page are overworked and
under-appreciated. I do hope I can be of assistance wherever
possible. Keep up the great work ! Don't give up !
Penyulap (talk) 01:08, 18 March 2011 (UTC)2

Sentiment-driven
feedback
Negative

Not only is it a bit lengthy, but it has very unusual organization for a
wikipedia page... perhaps inappropriately so [...] I hate to merely be a
critic, but I'm not nearly qualified enough to attempt rewriting or
reorganizing this article. :)
The2crowrox (talk) 00:58, 5 November 2010 (UTC) 3

Neutral feedback

In the table at the beginning, the amount of hydrogen stated is 85.8 to
89.8%. The source (Williams, Dr. David R. "Jupiter Fact Sheet",
NASA) states that the amount of gas is "89.8% (2.0%)", meaning
89.8% plus or minus 2%
Barras (talk) 18:50, 19 July 2009 (UTC) 4

Articles from Simple English Wikipedia—a spin-off of Wikipedia written using basic English vocabulary
and uncomplicated grammar constructions—are usually not new; their editors use articles from Wikipedia
and attempt to bring them to a simple form. The dump we used in this study was collected in October
2011 and contained over 200,000 pages (out of which around 70,000 are article pages). It totaled
approximately 16 gigabytes of XML data. Along with anonymous users, over 170,000 registered users
have contributed to approximately three million revisions from the creation of Simple English Wikipedia in
2003. The average number of revisions per page was 14.35 and Simple English Wikipedia had over 700
active, registered users with at least one edit or logged action in the past month. Because of the extremely
large size of Wikipedia’s revision history and the limited computational power, many previous analyses
have used only samples of data to save computation costs (Arazy & Nov, 2010; Javanmardi & Lopes,
2010; Muller-Birn, Lehmann, & Jeschke, 2009; Viegas, Wattenberg, Kriss, & van Ham, 2007). However,
as no general guideline on how to obtain a good sample from Wikipedia exists and since complete
revision histories are necessary for computing revision-based metrics (such as knowledge reuse), we
instead use a complete revision history dump (as of October 2011) of Simple English Wikipedia.

3.2

Measurement and Construct Operationalizations

We computed Wikipedia-specific, revision-based measures on peers’ editing activity of article pages
(knowledge reuse) and mined the affect from feedback posted on article talk pages (sentiment-driven
feedback) corresponding to each article. To address H1 and H2, we employed monthly time series
analyses of the relationship between knowledge reuse and the amount of (positive and negative)
sentiments in inter-editors affective communication. Below, we present the operationalizations and
measurements we employed for sentiment-driven feedback and knowledge reuse.

3.2.1

Sentiment-driven Feedback in Inter-editor Communication

We mined sentiment-driven feedback from inter-editor communication on Wikipedia article talk pages. To
do so, we applied sentiment analysis to distinguish sentiment-driven feedback from neutral feedback.
Below we present the approach in detail. Sentiment analysis broadly classifies textual statements into
“objective statements” that express factual information and into “subjective statements” that reflect
tndividuals’ attitudes or perceptions (Banea, Mihalcea, Janyce, & Samer, 2008; Furuse, Nobuaki, Setsuo,
& Ryoji, 2007; Pang & Lee, 2008; Wiebe & Mihalcea, 2006). It represents a systematic, computer-based
analysis of written text or speech excerpts for detecting the attitude of the author or speaker about a
specific topic (Pang & Lee, 2008). Sentiment analysis establishes the overall orientation (positive or
2

retrieved from: http://en.wikipedia.org/wiki/Talk:NASA
retrieved from: http://en.wikipedia.org/wiki/Talk:Water_on_Mars
4
retrieved from: http://simple.wikipedia.org/wiki/Talk:Jupiter
3
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negative) and intensity (weak or strong) of sentiments expressed in statements previously classified as
subjective. However, sentiments may often be expressed in a subtle manner, which makes subjectivity
analysis often more difficult than subsequent polarity classification, so improvements in subjectivity
classification promise to positively impact sentiment classification (Mihalcea, 2007). Because Wikipedia
editors often use informal vocabulary when writing comments on talk pages, identifying subjectivity is
harder to achieve.
Recent algorithms for analyzing sentiment are able to detect positive and negative sentiment strength in
short informal texts (Akkaya, Wiebe, & Mihalcea, 2009; Paltoglou & Thelwall, 2010; Shanmugasundaram,
Ramachandran, Murugan, & Saranathan, 2009). In our analyses, we used SentiStrength (Thelwall,
Buckley, & Paltoglou, 2011; Thelwall, Buckley, Paltoglou, Cai, & Kappas, 2010) to analyze the level of
sentiments on article talk pages in Wikipedia. SentiStrength provides a scoring range from -5 (very
negative) to +5 (very positive). In case of texts showing an equal amount of positive and negative
sentiments, the algorithm can predict which of the two orientations is the prevalent one. Figure 1 shows
the distribution of the total monthly amount of positive sentiments expressed by editors on article talk
pages; Figure 2 displays the total monthly amount of negative sentiments expressed by editors on article
talk pages.
SentiStrength performs best on short texts, such as Twitter postings (Nielsen, 2011) and Wikipedia article
talk pages. An evaluation of SentiStrength on short informal texts from Twitter showed that it performed
with 96.9 percent accuracy when detecting positive sentiment strength and 95.1% accuracy when
detecting negative sentiment strength (Thelwall et al., 2010). To evaluate the performance of
SentiStrength on our data set, we constructed a random set comprising 200 sentences from
conversations in Simple English Wikipedia talk pages. To produce a gold standard for evaluating
SentiStrength, two independent judges (i.e., annotators) classified the data set in terms of the sentiment
scores from -5 (very negative) to +5 (very positive). We asked the annotators to individually send us their
results. Out of the 200 sentences, the two annotators agreed on 194 cases. A neutral judge adjudicated
the remaining six cases. As such, we obtained the gold standard of human ratings. We then evaluated the
results of SentiStrength against the gold standard.
To validate the use of SentiStrength for the sentiment analysis, we used precision (P) and accuracy (A) as
evaluation metrics (Menditto, Patriarca, & Magnusson, 2007; Powers, 2011). For classification tasks, we
used the terms “true positives”, “true negatives”, “false positives” (type I error), and “false negatives” (type
II error) to compare the results of the classifier against the gold standard (Goutte & Gaussier, 2005). The
terms “positive” and “negative” refer to the result indicated by the classifier, whereas the terms “true” and
“false” refer to whether that result corresponds to the gold standard. Precision is the proportion of correctly
labeled examples (i.e., the proportion of the true positives against all the positive results (both true
positives and false positives)). Accuracy is the proportion of true results (both true positives and true
negatives) in the population. While accuracy is the proximity of measurement results to the true value,
precision represents the reproducibility of the measurement (Sandhu, Kaur, & Kaur, 2010). Table 2
summarizes the results of the evaluation we performed on the gold standard with respect to three classes:
negative, positive, and the overall sentiment score.
Table 2. Results of Evaluation of SentiStrength Against the Gold Standard
SentiStrength
evaluation

Negative sentiment

Positive sentiment

Overall sentiment

Precision (P)

0.83

0.93

0.98

Accuracy (A)

0.97

0.98

0.99

The results were consistent with the results of the evaluation of SentiStrength on Twitter. As such,
SentiStrength was suitable for analyzing the sentiment of Simple English Wikipedia’s article talk pages.
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Figure 1. Distribution of Total Amounts of Positive Sentiments on Article Talk Pages Corresponding to Each
Month from the Creation of Simple English Wikipedia

Figure 2. Distribution of Total Amounts of Negative Sentiments on Article Talk Pages Corresponding to Each
Month from the Creation of Simple English Wikipedia

3.2.2

Knowledge Reuse

Knowledge reuse enables individuals to repetitively use existing knowledge to create new knowledge.
Repetitive use refers to knowledge that is systematically stored in a repository and that can be retrieved
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and reused without its reinvention costing anything (Kankanhalli et al., 2011). In an organizational context,
knowledge reuse refers to “one individual or group within the firm using knowledge generated by a
different individual or group within the same firm in order to be more effective and productive in their work”
(Alavi & Leidner, 1999, p. 143; Alavi & Leidner, 2001). In this sense, Majchrzak et al. (2013b) report that
companies that use wiki technologies may improve collaboration, work processes, and knowledge reuse.
However, quantifying the amount of knowledge being reused is not trivial. One of the settings in which
knowledge reuse has been often derived from observable data is software development. Specifically,
code reuse in software development, as the name implies, refers to employing previously written code
(i.e., objects) as an alternative to writing new (possibly identical) code to perform the same or similar
function (Banker, Kauffman, Wright, & Zweig, 1994). Code reuse has been previously measured in terms
of the reuse leverage metric. Concretely, the reuse leverage in an application refers to the total number of
objects used divided by the number of new objects built (Banker, Kauffman, & Zweig, 1992). For example,
if a software application comprises 400 objects (i.e., used objects) of which 100 had to be programmed
from scratch (i.e., new objects), the reuse leverage would be 4.0. To indicate how much of a software
application can be attributed to reuse (Poulin, 1994), the reuse ratio can be expressed as the ratio of the
number of objects that are reused (i.e., 300 = 400-100) to the number of new objects (i.e., 100) (thus, 3:1
= 3.0). Similar to a software application, in the case of Wikipedia, an article represents a dynamic and
systematic transformation of existing knowledge. Below, we describe how we quantified knowledge reuse
in the context of Wikipedia based on the reuse ratio.
On Wikipedia, the ongoing process of knowledge reuse is facilitated by the wiki technology and is
captured by the revision history functionality. The revision history chronologically tracks all the previous
versions of an article. To contribute to the development of an article, an editor starts editing the knowledge
already contributed in the current revision. In other words, an editor reuses existing knowledge in the
previous article revision to create a new article revision. One can quantify the amount of knowledge reuse
between two consecutive article revisions as the amount of knowledge from the previous revision that the
current revision reuses. Similar to reuse ratio in software development (Banker et al., 1992) and inspired
by Turek, Wierzbicki, and Nielek’s (2010) work on Wikipedia revision history metrics, we computed the
level of knowledge reuse relative to any two consecutive revisions of the same article page as the ratio of
the number words reused from the previous revision (e.g., copied, moved elsewhere, or restored) to the
number of words newly created in the current revision.
For a given Wikipedia article page, we computed the overall level of knowledge reuse between its
revisions as a mean of pairwise levels of knowledge reuse weighted by the proportion of editors who
contributed to creating each specific revision from the total number of article editors. In this way, we
accounted for the effect of the number of edits and editorial team size, which vary from article to article. A
value of 1 indicates equal amount of reused and new words. A value of 2 (i.e., 2:1) indicates that the
number of reused words was two times larger than the number of newly created words. Conversely, a
value of 0.5 (i.e., 1:2) indicates that the number of reused words was two times larger than the number of
newly created words. Figure 3 shows the distribution of the monthly average amount of knowledge reuse
extracted from the article pages’ edit logs.
We employed two measurement considerations in computing knowledge reuse. The first consideration
refers to adapting the measurement of knowledge reuse from software development (Banker et al., 1992).
Since reuse in software development employs code (i.e., objects) as units of analysis, reuse in Wikipedia
should conversely employ individual key concepts or key phrases expressed in Wikipedia articles as the
units of analysis. However, unlike in the case of software development where the code is automatically
compiled, the automatic recognition of domain-specific key concepts or phrases from natural language
text is not a trivial task in the case of Wikipedia (Boudin & Morin, 2013; Erbs, Santos, Gurevych, & Zesch,
2014). Thus, we decided to measure knowledge reuse in Wikipedia articles at the word level. To avoid
considering common words that are not informative, we employed linguistic processing that comprised
three steps. First, we divided the textual content into individual strings of characters called tokens.
Second, for each token representing a word, we reduced inflected words to their word stem (such as the
verbs “represents” and “representing” to “represent”). Finally, we removed non-informative words that tend
to occur very often (i.e., employed stop-words filtering), such as “a”, “the”, “is”, “an”, “in”, “it”, “that”, and so
on. In addition, to measure knowledge reuse, we discarded from the count consecutive word revisions for
which the corresponding edit distance was smaller or equal to one (Gonzalo, 2001), which we did
because such a small edit distance indicates that the word underwent a minor spelling correction rather
than a substantial change in its meaning. Altogether, this linguistic processing reduces the potential pitfall
of choosing individual words as the level of analysis for measuring knowledge reuse. Relative to the
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second adaptation used in this study, the way we measured knowledge reuse does not penalize repetitive
consecutive edits done by the same peers (Turek et al., 2010). We adopted this approach because it is
difficult to establish clear criteria on how to group consecutive revisions made by the same editors. Since
the time elapsed between consecutive edits done by the same editor may vary up to months or years, we
decided to treat every revision as standalone and compute the knowledge reuse with respect to the
previous revision.

Figure 3. Distribution of Monthly Average Amount of Knowledge Reuse Corresponding to the Edits
of Article Pages in Simple English Wikipedia

4

Analysis and Results

To test hypotheses H1 and H2, we examined both the distribution of sentiments on article pages and level
of knowledge reuse between editors on the corresponding article pages. Similar to Turek et al. (2010), we
used the number of edits on an article as a proxy to avoid considering articles that were in their very initial
stages of development. After analyzing the distribution of edits, similar to Turek et al. (2010), we decided
to use a threshold of 30 edits for analyzing those articles whose knowledge is a result of collaboration
among their editors. For those article pages having an overall number of revisions greater than this
threshold, we computed the distribution of sentiments over time on their corresponding article talk pages.
To prepare our dataset for hypothesis testing, we first performed a time series analysis of all article pages
with respect to the amount of both knowledge reuse and sentiments expressed during conversations
among their editors. Following our analyses of Wikipedia article pages and article talk pages, we grouped
article pages by the following criteria:


Presence or absence of sentiments: we grouped article pages containing subjective (S)
statements on the corresponding article talk pages in an S cluster (1239 article pages) and the
ones containing only objective (O) statements in an O cluster (742 article pages).



Positive versus negative sentiments: we grouped each article page belonging to the S cluster
into either a P cluster if the main orientation of sentiments displayed in the corresponding talk
page was positive (P, 794 articles) or an N cluster if the orientation was mainly negative (N, 445
articles). To decide on the main orientation of the sentiments, for all the statements on a talk
page, we compared the sum of positive sentiment strengths with the corresponding negative one;
we decided the orientation based on the category corresponding to the higher sum.

To quantify whether the presence or absence of subjectivity in the content of article talk pages influenced
the level of knowledge reuse, we compute monthly averages of the level of knowledge reuse for each S
and O cluster according to their article pages’ revision flows. Figure 4 shows the results. We first compare
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the obtained discrete distributions of the levels of knowledge reuse. On the one hand, the median level of
knowledge reuse in the case of sentiment-driven feedback (S) appeared to be close to 2, which indicates
that the number of reused words was almost twice as much as the number of newly created words. On
the other hand, in the case of neutral feedback (O), the sub-unitary level of knowledge reuse shows that
the number of newly created words appeared to overcome the number of reused words. As expected, the
median level of knowledge reuse computed for the O cluster was significantly lower than the median of
the S cluster (Mann-Whitney U test; Z = -10.26, p<0.001, r = 0.76). A linear regression showed that the
presence and absence of sentiments significantly explained the level of knowledge reuse (adj. R2
=0.6322, p < 0.001), which confirms H1. In other words, as expected, providing feedback appears to be
beneficial for knowledge reuse in Wikipedia.

Figure 4. Distribution of Knowledge Reuse Scores Computed for Each of the Two Subject Groups According
to the Sentimentality (S) or the Objectivity (O) of Content on Their Corresponding Article Talk Pages

For the articles contained in the S cluster, we compare mainly positive (P) and mainly negative (N)
orientation of subjective content on article talk pages. Figure 5 shows the results. The median level of
reuse for the article pages of the P-cluster was significantly higher than the one corresponding to the N
cluster (Mann-Whitney U test; Z=-8.61, p<0.001, r=0.64). The mainly positive or mainly negative
orientation of subjectivity also explained a significant proportion of variance in the level of knowledge
reuse using a linear regression (adj. R2 = 0.4284, p < 0.001). This means that, indeed, providing positive
feedback appears to be more effective in Wikipedia with respect to knowledge reuse than providing
negative feedback. The median level of knowledge reuse in the case of positive feedback (P) appears to
be more than two times higher than in the case of negative feedback (N). This result further confirms H2.
In a nutshell, our results confirm that receiving (especially positive, rather than negative) feedback in form
of sentiments that are expressed in inter-editor conversations is beneficial in terms of sustaining
knowledge reuse in Wikipedia; moreover, giving either positive or negative feedback appears to be more
effective than providing no feedback at all.
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Figure 5. Distribution of Knowledge Reuse Scores of Articles Classified in the S Category Grouped by the
Positivity (P) or the Negativity (N) of the Content on Their Corresponding Article Talk Pages

5

Discussion and Implications

In this paper, by conducting a longitudinal analysis of peers’ editing and interaction activity in Simple
English Wikipedia, we investigate how peers are motivated to reuse knowledge in online social production
communities. In line with Markus’s (2001) findings on knowledge reuse, we consider knowledge reuse
among Wikipedia editors as an essential aspect of collaboration that is influenced by specific
communication practices. Specifically, we examine the way peers in Wikipedia communicate their
feedback and support towards the work of other peers; we quantify to what extent providing sentimentdriven feedback acts as incentive towards the reuse of knowledge among peers. We found that peer
content collaboration in Wikipedia in terms of higher levels of knowledge reuse appears to be strongly
influenced by either positive or negative sentiment-driven feedback in inter-editor discussions. We also
found a significant difference in the level of knowledge reuse between editors who share mainly positive or
mainly negative feedback. Indeed, displaying mainly positive sentiments in form of peer feedback
corresponded to a superior level of knowledge reuse than displaying mainly negative sentiments, which
suggests that making a habit of dispensing positive feedback in public conversations (such as in the case
of Wikipedia) is more likely to motivate peers to perform with confidence and autonomy, than giving
negative feedback. At the same time, non-public negative peer feedback could increase one’s likelihood to
engage in online social production by correcting inherent problems, behaviors, and attitudes in private
peer conversations, which also strongly suggests that mechanisms for providing non-public negative
feedback should be designed, incorporated, and tested in collaborative platforms such as wikis. Thus, we
contribute to the extant literature of online social production communities in general and Wikipedia in
particular by providing the first building block for research on the role of sentiment-driven feedback for
developing and sustaining wiki-based knowledge reuse.
One should view our findings in light of several limitations. With regard to generalizability and
endogeneity, we acknowledge that we did not examine several areas dealing with the dynamics of social
interaction in online collaboration, such as the issues of social power or culture (Baym, 2006; Jiang,
Bazarova, & Hancock, 2011). Pragmatically, one can take several other perspectives for examining the
role of sentiment-driven feedback in online social production communities. Conditions other than peer
feedback—such as group interactions, group composition characteristics, peers’ capabilities and goals,
their interpretations of technology, and institutional contexts, power, or culture—may play key roles in
causal explanations. Due to the nature of our observational data and the possibility of simultaneous
causality bias and errors-in-variable bias, future research should examine our identified relationships
using more controlled settings or methods such as instrumental variables regression or controlled
experiments. Moreover, we discuss the limitations of measuring knowledge reuse at word level are
discussed in detail in Section 3.2. Researchers could further address these limitations by employing
individual key concepts or key phrases as unit of analysis when computing the level of knowledge reuse.
Furthermore, no clear guidelines on how to select the articles for analysis exist; similar to Turek et al.
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(2010), we decided to use a threshold of 30 edits for analyzing those articles that result from peer
collaboration. We acknowledge that this choice may introduce a bias in selecting only those articles where
editors appeared motivated. To filter out articles that are not a result of peer collaboration, one could use
alternative methods such as filtering out either relatively new articles based on their age or those articles
that have not received enough attention from the community based on the number of times they have
been read. Finally, SentiStrength’s performance limits how accurately we identified sentiments in the
article talk pages; we manually evaluate sentiment analysis algorithms in Section 3.2. Future research
may want to use and compare alternative approaches from sentiment analysis to perform a more detailed
comparison and benchmark of the results.
Nonetheless, by examining the talk pages of all articles in Simple English Wikipedia (we performed no
sampling), our study provides important insights for the literature on online social production. Thereby, we
provide the first building block for research on how to understand peer collaboration in online social
production communities in terms of knowledge reuse. Wikipedia provides an unprecedented amount of
data that enabled us to 1) fully use the information provided by the edit history to quantify the amount of
knowledge reuse and 2) exploit the multitude of informal language to identify subjectivity in the content of
article talk pages. Wikipedia is an ideal environment for studying the cumulative effect of social and
sentiment-driven interactions among editors on collaborative work. By extending previous work on
knowledge reuse, our study contributes to the existing research on online social production along several
dimensions of interests to researchers and practitioners.
From a theoretical perspective, the collective ethics of online social production appears to be in conflict
with traditional policies, perceptions, and theories of organizational work (Arvidsson, 2008; Banks &
Deuze, 2009; Puranam et al., 2013; Sanger, 2009). Indeed, social production systems raise a series of
challenges for traditional organization in so far as researchers have shown that peers do not necessarily
follow the normal signals generated by firms or markets either as employees in the firms following
managerial directions or as individuals in the markets following price signals (Benkler & Nissenbaum,
2006; Tapscott & Williams, 2006). In this sense, a micro-foundation of peer production is important to
develop up-to-date theoretical concepts for management and organizational sciences. To design efficient
policies that boost an innovative, networked economy, we need a systematic empirical analysis and an
empirically grounded theoretical understanding of knowledge processes in peer production. Relative to the
focus of this paper, knowledge reuse in online communities continues to be under-researched (Haefliger
et al., 2008; von Krogh et al., 2012). Although Majchrzak, Faraj, Kane, and Azad (2013a) provide
comprehensive theorizing of how peers engage in knowledge sharing via online knowledge conversations,
we still lack a theoretical understanding of technology-enabled knowledge reuse in online communities.
This exploratory study helps to discover strategies to encourage collaboration and foster knowledge reuse
in online communities and make the crowd sustainable without relying either on markets or hierarchies
(Metiu & Kogut, 2001; Stephen & Suzanne, 2006).
Our results open a link to further controlled studies such as experiments observing the affective
implication of individuals who reuse content. Researchers may transfer and test our findings from
Wikipedia to more general scenarios involving peer collaboration. An immediate point of interest would be
to investigate team collaboration and online social production in the context of another similar and rapidly
growing resource, Wikia. With more than 370,000 established communities, Wikia is fundamentally
different from the Wikipedia community in terms of having more permissive guidelines and policies and a
high number of small, topic-centered communities. Another direction worth investigating would be to
analyze and test patterns of social collaboration in communities of open source software development
(OSS) (e. g., Linux, Apache, GitHub, or SourceForge).
From a managerial perspective, organizations increasingly consider outsourcing knowledge tasks to large
masses of workers via distributed labor networks using limited or no monetary incentives, which is
possible, in part, due to the fact that the virtual, self-organizing workplace constantly evolves towards
more spontaneous and decentralized forms of collaboration. While open collaborative innovation can
potentially displace producer innovation at many parts of the economy (Baldwin & von Hippel, 2011;
Maiolini & Naggi, 2011), the fluid generativity of distributed innovation suggests that knowledge resources
will be increasingly heterogeneous and often only temporarily integrated (Yoo, Boland, Lyytinen, &
Majchrzak, 2012). Reflecting from the Wikipedia case, having insights about practical mechanisms to
motivate the refinement of collectively produced knowledge resources is important for organizations that
would like to outsource knowledge tasks to large masses of online distributed workers. This study
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provides insights that sentiment-driven feedback appears to be an effective way to motivate collaborative
work in online social production.
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